Ischemic and traumatic brain injuries often induce non-convulsive seizures (NCSs), which likely contribute to the worsening of neurological outcomes. Here, we evaluated the effect of glycyl-Lmethylprolyl-L-glutamic acid (NNZ-2566) to lessen the severity of NCSs caused by permanent middle cerebral artery occlusion (pMCAo). Continuous electroencephalographic recordings were performed in rats during pMCAo. Glycyl-L-methylprolyl-L-glutamic acid (3, 10, or 100 mg/kg bolus followed by an infusion of a fixed dose of 3 mg/kg per hour for 12 h) was delivered at 20 mins after pMCAo (before the first NCS event) or delayed until immediately after the first NCS event occurred. Control rats received pMCAo and saline treatment. The results revealed that 91% of the salinetreated animals had NCSs (23 episodes per rat and 1238 secs per rat) with an onset latency of 35 mins after injury. When NNZ-2566 was administered before the NCS events, it dose-dependently reduced the NCS incidence to 36%-80%, decreased NCS frequency to 5-16 episodes per rat, and shortened the total duration of NCS to 251-706 secs per rat. The two high doses significantly reduced the infarct volume by 28%-30%. Delayed treatment also attenuated NCS duration but had no effect on the infarct volume. Results indicate that NNZ-2566 possesses a unique therapeutic potential as a safe prophylactic agent that synergistically provides neuroprotection and reduces injury-induced seizures.
Introduction
Patients who have sustained acute brain injuries, such as those from stroke or brain trauma, are at high risk of developing seizures in the first week after injury. Generalized convulsive seizures are readily recognizable, but non-convulsive seizures (NCSs) occur without motor manifestation and therefore are often undiagnosed. Like convulsive seizures, NCSs are ictal electrographic discharges associated with excess glutamate release, ionic imbalances, and hyperexcitability of neuronal circuits triggered by stroke or brain trauma. In an early study, Jordan (1993) reported that NCS was detected in 34% of patients in the neurological intensive care unit using continuous electroencephalographic (EEG) record-ing. Subsequent studies yielded similar observations (37%, Privitera and Strawsburg, 1994; 26%, Jordan, 1995; 38%, Bergsneider et al, 1997; 18%, Claassen et al, 2004; and 22%, Vespa et al, 2007) , confirming the prevalence of this problem. In addition to the difficulty in detecting NCSs, treatment of NCSs is also a clinical challenge because they are more refractory to conventional anti-epileptic drug (AED) treatments than convulsive seizures (Jordan, 1995; Maganti et al, 2008; Treiman et al, 1998) .
Even though NCSs are difficult to detect and treat, prompt medical intervention should be provided to prevent synergistic brain damage and worsening of the prognosis. Clinical evidence has shown that seizures in critically ill patients are harmful and can exacerbate the underlying injury processes, resulting in increasing mortality rate in stroke patients (Waterhouse et al, 1998) and worsening neurological outcomes in patients with intracerebral hemorrhage (Claassen et al, 2007; Vespa et al, 2003) . This unanswered medical need to control and treat NCSs effectively in brain-injured patients underscores the importance to develop novel therapeutic drugs with both neuroprotective and antiepileptic properties.
To date, preclinical studies of brain injury-induced NCSs have been sparse despite the availability of a variety of relevant animal models that mimic human acute brain injuries. For decades, middle cerebral artery occlusion (MCAo) has been widely used to study brain ischemia, which is one of the major clinical etiologies of NCS; yet, it was only recently that MCAo-induced NCS was systematically characterized in rats (Hartings et al, 2003) . In that report, 81% of the animals experienced NCS after MCAo, which manifested as generalized 1-4 Hz rhythmic spikes or ictal discharge detected by continuous cortical EEG recording. This high incidence of MCAo-induced NCSs was subsequently confirmed in studies designed to control MCAo-induced NCSs with conventional AEDs (Williams et al, 2004 (Williams et al, , 2006 (Williams et al, , 2008 .
Because of the silent nature of NCS events, continuous EEG recording is required for their detection, which may pose a problem for neurological intensive care unit facilities not equipped with an EEG system. Therefore, developing drugs that are neuroprotective and that have anti-seizure activities would be more beneficial as they may be used prophylactically in the absence of EEG detection. Glycyl-L-methylprolyl-L-glutamic acid (NNZ-2566) is a novel analogue of Glypromate (glycine-prolineglutamate) developed by Neuren Pharmaceuticals Inc. (Bethesda, MD, USA) and may offer both neuroprotection and anti-seizure activity. Glypromate, as an endogenous tripeptide cleaved from insulin-like growth factor-1 in the brain, has been reported to be neuroprotective against hypoxicischemic brain injury in experimental animals (Guan et al, 2004; Svedin et al, 2007) . However, it rapidly degrades in plasma, resulting in low bioavailability in the brain (Baker et al, 2005; Batchelor et al, 2003) . Glycyl-L-methylprolyl-L-glutamic acid is a peptidomimetic tripeptide (molecular weight 315.3 g/mol) designed to be more resistant to degradation by protease enzymes and has recently been shown to have significant neuroprotective effects in rat models of hypoxia/ischemia brain injury (Bickerdike et al, 2009 ) and penetrating ballistic-like brain injury (Lu et al, 2009 ). Glycyl-L-methylprolyl-L-glutamic acid has established a safety profile in Phase I clinical trials and is entering Phase II clinical trials for moderate-to-severe traumatic brain injury. The purpose of this study was to investigate the ability of NNZ-2566 to attenuate brain ischemia-induced NCS using a traditional rat model of permanent MCAo (pMCAo).
Materials and methods
Male Sprague-Dawley rats (Charles River Labs, Raleigh, VA, USA) weighing 275-350 g were used in this study. They were individually housed under a normal 12-h light/ dark cycle in a well-ventilated vivarium. Food and water were provided ad libitum before and after pMCAo surgery.
All surgical procedures (EEG electrode implantation, jugular vein cannulation, and pMCAo) were performed on isoflurane-anesthetized but spontaneously breathing animals. During the surgery, the core body temperature of the animal was maintained at 371C using a homeothermic heating blanket (Harvard Apparatus, Holliston, MA, USA).
Electrode Implantation
Four screw electrodes were implanted epidurally through burr holes over the bilateral parietal regions of the rat cortex (0 and 4 mm posterior to the bregma, ±5 mm lateral to the midline, Figure 1A ) for measurement of brain seizure activity. A ground electrode was implanted posterior to the lambda over the transverse sinus ( Figure 1A , electrode 5). Electroencephalographic electrodes were made of an insulated nichrome wire piece (0.2 mm in diameter with both tips un-insulated) soldered to a 080-1/8-inch stainless steel screw. The free end of the wire of each electrode was soldered to a multi-pin connector (March Electronics, West Hempstead, NY, USA) and the entire assembly was secured to the skull with a dental acrylic. The rats were allowed 5 days to recover before receiving the pMCAo injury.
Jugular Vein Cannulation
For intravenous infusion of NNZ-2566, all rats were surgically implanted with a chronic indwelling catheter made of polyethylene-50 tubing with a silastic tip inserted into the right jugular vein. The distal end of the catheter was guided subcutaneously via a trocar to exit at the dorsal neck region. The chronic infusion was implemented by connecting the indwelling intravenous catheter to a swivel via a tether (Instech Laboratories Inc, Plymoth Meeting, PA, USA) allowing free movement of the animals during infusion.
Induction of Non-Convulsive Seizure by Permanent Middle Cerebral Artery Occlusion
Non-convulsive seizures were induced by pMCAo in rats using the intraluminal filament method. Briefly, the right common carotid artery was exposed at the level of external and internal carotid artery bifurcation through a midline incision. The external carotid artery and its branches were cauterized and cut at the lingual and maxillary artery branches. A piece of 3-0 monofilament nylon suture with a round tip was inserted into the internal carotid artery via the stump of the external carotid artery. The filament was advanced approximately 20 mm until a slight resistance was encountered as it lodged in the anterior cerebral artery and therefore blocked the origin of the middle cerebral artery. The suture remained in place for the 24-h duration of the experiment.
Experimental Procedures
Electroencephalographic Recordings: On the day of pMCAo surgery, rats were placed in a custom-designed Plexiglas EEG recording chamber (30 cm Â 30 cm Â 50 cm L ÂW Â H) equipped with multi-channel gold contact swivel commutators (Dragonfly Inc., Ridgeley, WV, USA). The multi-pin electrode connector on the rat skull was connected to the swivel system via a flexible shielded cable, allowing the free movement of the animals during recordings. The swivel commutator was interfaced with a Grass polygraph amplifier (Model 15, Natick, MA, USA) and a computerized EEG recording and digitizing system (Stellate Harmonie software, Montreal, Quebec, Canada). Bipolar EEG recordings were made from the left and right hemispheres through electrodes 1-2 and 3-4, respectively ( Figure 1A ). Baseline recordings were made from awake and freely behaving animals for at least 20 mins before pMCAo surgery. Recordings were interrupted during the pMCAo surgery but immediately resumed after the surgery and continued for 24 h. The EEG traces were displayed on a computer monitor adjacent to the EEG recording cages to allow simultaneous monitoring of the animals' behavior and EEG activity. The animals were visually observed for signs of convulsion during the initial 6 h after pMCAo.
Treatment Protocols: Two treatment protocols were used in this study. In Experiment 1, the dose response of NNZ-2566 was determined by intravenous injection of 3, 10, or 100 mg/kg given as a bolus at 20 min after pMCAo, before the first NCS event. Each bolus was immediately followed by an infusion of a fixed dose of 3 mg/kg per hour for 12 h. In Experiment 2, a bolus dose of 100 mg/kg (selected on the basis of the results from Experiment 1) was given immediately after the first NCS event was detected, and was followed by the same infusion dose as that in Experiment 1. During this experiment, if no NCS event was detected during the initial 3 h after pMCAo, the animal was excluded. All injections were delivered via a jugular vein catheter, and a matching vehicle-treated control group was used for each treatment protocol.
Electroencephalographic Data Analysis: The off-line EEG traces were reviewed at a display resolution of 30 mm/sec and analyzed by individuals who were blinded to the treatments using the NCS criteria defined previously (Hartings et al, 2003; Williams et al, 2004 ). An NCS episode was defined as repetitive spikes or spike-and-wave discharges recurring at frequencies of > 1 Hz with amplitude greater than spontaneous activity and duration greater than 10 secs. Non-convulsive seizure episodes with an interseizure interval less than 10 secs were considered as a single event.
Based on these criteria, the following NCS parameters were included in statistical analyses: (1) NCS incidence, defined as the percentage of animals in each treatment group that experienced at least one NCS; (2) NCS frequency, defined as the number of NCS episodes experienced by individual animals; (3) NCS episode duration (secs), defined as the average duration between the onset and offset of each NCS episode; (4) NCS total duration (secs), defined as the sum of episode durations for each rat; (5) NCS onset latency (mins), defined as the time between the end of pMCAo surgery and the onset of the first NCS episode; and (6) time course of NCS frequency, defined as the hourly NCS frequency up to 9 h after pMCAo. The NCS incidence, frequency, duration, and latency were calculated as the average for each treatment group.
Histopathology: All animals were euthanized 24 h after pMCAo. The fresh brain tissue was harvested, cut into seven coronal sections, and stained with 2,3,5-triphenyltetrazolium chloride. A tissue completely lacking the red 2,3,5-triphenyltetrazolium chloride stain indicated infarct areas in the brain. The brain sections were digitally imaged using a computerized analysis system (LOATS Inc., Westminster, MD, USA) and the infarct area on each section was traced by an individual who was blinded to the treatments. The total infarct volume of each brain was computed by integrating the infarct areas of sequential brain sections.
Statistical Analysis
The difference proportion test was used to compare the NCS incidence between the vehicle-treated group and each NNZ-2566-treated group. For each NCS parameter and infarct volume, an ANOVA test followed by a Bonferroni post hoc test were used to compare the NNZ-2566-treated groups with the matching vehicle-treated control group. The relationship between infarct volumes and the NCS parameters (NCS frequency, NCS total time, and onset latency) was evaluated using Pearson's correlation coefficient test. Data are presented as the mean±standard error of the mean, and P values < 0.05 were considered significant.
Results

Electroencephalographic Analysis
Visual observation of animals during the 6-h period after pMCAo confirmed the non-convulsive nature of the ictal discharges. (No animals exhibited convulsive behavior during the observation period.) As shown in Figure 1B , the electrographic characteristics of the NCSs observed in this study were similar to those previously described by Hartings et al (2003) and Williams et al (2004) .
Experiment 1
Table 1 summarizes the NCS data for each treatment group. In the vehicle-treated group, 91% (10/11) of the animals experienced one or more NCS episodes during the 24-h period after brain ischemia. The NCS frequency of these animals was 22.7 ± 6.8 events per rat and the average NCS episode was 53.0 ± 5.6 secs in duration. This yielded an NCS total duration of 1238.3±360.0 secs per rat. The onset latency of the first NCS was 35 ± 7.4 mins after pMCAo. In NNZ-2566-treated groups, 78% (7/9) of the animals that received 3 mg/kg bolus and 80% (8/10) of the animals that received 10 mg/kg bolus (each followed by the infusion) experienced NCS events. When the bolus dose was increased to 100 mg/kg, only 36% (4/11) of the animals experienced NCS events, which was significantly less than the percentage of vehicle-treated animals that experienced the events (Figure 2 ; confidence interval: 0.16-0.94, P < 0.05). Glycyl-L-methylprolyl-L-glutamic acid treatment also dose-dependently reduced the NCS frequency ( Figure 3A ) and total duration ( Figure 3C ). Animals treated with 3, 10, or 100 mg/kg bolus injections followed by 12-h infusion had 29% (P > 0.05), 71% (P < 0.05), and 78% (P < 0.05) fewer NCS events per rat, respectively, which resulted in a marked decrease in NCS total durations by 43% (P > 0.05), 72% (P < 0.05), and 80% (P < 0.05), respectively. As shown, significant effects were achieved in rats treated with 10 and 100 mg/kg NNZ-2566 followed by the infusion. However, the individual NCS episode duration in any NNZ-2566-treated animal did not differ significantly from the vehicletreated animals ( Figure 3B , P > 0.05 for each comparison with the vehicle group). The onset latencies of the first NCS event appeared to be delayed by NNZ-2566 treatment to 56 ± 10.6 mins (3 mg/kg + infusion), 63±11.0 mins (10 mg/kg + infusion), and 54 ± 17.4 mins (100 mg/kg + infusion) after pMCAo ( Figure 3D ) as compared with the vehicle-treated group (35±7.5 mins), but the differences were not statistically significant (P > 0.05 for each comparison with the vehicle group).
The temporal distribution of NCS events is shown in Figure 4 as the number of NCS/h per rat up to 9 h after injury (95% of all NCSs occurred during the first 9 h after injury). In the vehicle-treated animals, most of the NCS events occurred during the initial 4 h after pMCAo with an average of 3-5 episodes/h per rat. This was followed by an apparent remission period until 7 h after injury, at which time the NCS activity re-emerged at 3 episodes/h per rat. The high doses of NNZ-2566 (10 and 100 mg/kg bolus followed by continuous infusion) attenuated NCS occurring beyond 2 h after pMCAo. All three doses of NNZ-2566 completely suppressed the delayed occurrence of NCS as compared with the vehicle-treated animals.
Experiment 2
In Experiment 2, NNZ-2566 treatment was delayed until immediately after the first NCS event occurred, and only the highest dose of NNZ-2566 (100 mg/kg bolus injection followed by an infusion of 3 mg/kg per hour for 12 h) was used. As shown in Table 1 , in this experiment, the vehicle-treated animals (n = 14) experienced 14.9 ± 1.8 NCS events per rat, with an average episode duration of 73.4 ± 13.5 secs and an NCS total duration of 1215.9±290.3 secs per rat ( Figure 5 ). Although the number of NCS events experienced by NNZ-2566-treated animals (n = 14) was similar to that of the vehicle-treated animals (13.4 ± 2.6 per rat, Figure 5A ), the NCS episode duration was significantly shortened by 40% (P < 0.05) with NNZ-2566 treatment ( Figure 5B ). As a result, the NCS total duration was greatly decreased by 44% (P > 0.05, Figure 5C ) as compared with the vehicle-treated animals. The onset latency of NCS before treatments was similar between vehicle-and NNZ-2566-treated groups, and the NNZ-2566 treatment failed to delay the onset of the subsequent NCS events (data not shown).
Brain Infarction and NCS
Permanent MCAo resulted in severe cerebral infarction. Infarct volumes of the two vehicle-treated groups from Experiments 1 and 2 were 311.1 ± 21.4 and 333.3±29.6 mm 3 , respectively ( Figure 6A and 6B). In Experiment 1, treatment with NNZ-2566 significantly reduced the infarct volume by 29% (P < 0.05) for the 10 mg/kg dose followed by the infusion and by 30% (P < 0.05) for the 100 mg/kg dose followed by the infusion (Figure 6A ). When the treatment was delayed until after the NCS occurred, as in Experiment 2, NNZ-2566, even at the highest dose, failed to reduce the infarct volume when compared with its matching control group ( Figure 6B) .
To determine whether the injury severity was associated with NCS severity, Pearson's correlation coefficients between infarct volumes and major NCS parameters, NCS frequency, NCS total duration, and NCS onset latency, were calculated. The results revealed that the infarct volume was positively correlated with NCS frequency in both vehicle-and NNZ-2566-treated animals when the data of all vehicle-treated animals from both Experiments 1 and 2 were combined, and the same analysis was applied to the NNZ-2566-treated animals (vehicle: Pearson's coefficient r = 0.45, P < 0.05, n = 25, Figure  6C ; NNZ-2566: Pearson's coefficient r = 0.31, P < 0.05, n = 45, Figure 6D ). However, the infarct volume did not significantly correlate with the NCS duration or onset latency.
Discussion
In this study, injury-induced NCSs were successfully inhibited or significantly attenuated by treatment with NNZ-2566. The effects of NNZ-2566 on NCS incidence, frequency and duration appeared to be dose-dependent, with significantly efficacious doses ranging from 10 to 100 mg/kg followed by a continuous infusion of 3 mg/kg per h for 12 h. The highest dose, 100 mg/kg bolus followed by the infusion, when given at 20 mins after pMCAo, inhibited NCS occurrence in 64% of the animals, significantly reduced the NCS frequency and total duration by 78% and 80%, respectively, and concomitantly reduced the infarct volume by 30%. More importantly, this dose also significantly attenuated NCSs when the treatment was delayed until after the onset of the first NCS. These brain ischemia-induced NCS activities are likely to exacerbate the injury severity because there was a moderate but significant positive correlation between the infarct size and the NCS frequency in both vehicle-and NNZ-2566-treated animals.
The ability of NNZ-2566 to reduce ischemic infarction has been reported in a recent study (Bickerdike et al, 2009 ), which also showed a timedependent brain bioavailability of NNZ-2566 (30 mg/kg per hour) when the compound was infused through the jugular vein for 3 h. The peak concentration was 0.4 mg/ml at the time when the infusion was terminated and the half-life was 74 mins. The ability of NNZ-2566 to cross the blood-brain barrier (BBB) is important for its anti-seizure and neuroprotective effect; yet, its relatively short half-life makes it necessary to use the paradigm of a bolus dose followed by a continuous infusion for the full effects of NNZ-2566 to be realized. The bolus dose was very important for anti-seizure and neuroprotective effects, because the dose response effects were primarily associated with the changes in the bolus dosing while the infusion dose was fixed.
Glycyl-L-methylprolyl-L-glutamic acid was not originally developed as an AED, so its anti-seizure action in traditional animal seizure models has not been fully characterized. Most AEDs are classified according to their primary mechanisms or sites of action, such as sodium and/or calcium channel blockers (e.g. lamotrigine, carbamazepine, fosphenytoin, oxcarbazepine), gamma-aminobutyric acid (GABA) enhancers (e.g. gabapentin, valproate, benzodiazepine, phenobarbital), and glutamate antagonists (e.g. topiramate, felbamate). Interestingly, the mechanism of action of NNZ-2566 does not appear to reflect any of those AED categories. Early studies showed that NNZ-2566's parent peptide, GPE, binds to N-methyl-D-aspartate receptors, but NNZ-2566 itself failed to show appreciable binding to N-methyl-D-aspartate, a-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate (AMPA), or kainate receptors at a concentration of 50 nmol/L (Novascreen, Hanover, MD, USA). It also failed to protect against glutamate-induced neuronal cell death in a recent cell culture study (JR Dave, unpublished data). However, there is evidence to suggest that NNZ-2256 does have anti-inflammation properties in brain trauma (Lu et al, 2009; Wei et al, 2008) , which could account for its anti-seizure activities.
Inflammation, particularly the activation of microglia and astrocytes and their production of inflammatory cytokines and related molecules, has been well documented as causing major secondary injuries after ischemic or traumatic brain injury (Amantea et al, 2009; Kadhim et al, 2008; Vezzani et al, 2008b) . There is also compelling evidence that inflammatory cytokines or immune reactions after brain injury have an important role in neuronal excitability and epileptogenesis (Choi and Koh, 2008; Fabene et al, 2008; Vezzani et al, 2008a) . Studies have shown that soon after an acute brain injury, activated microglia and astrocytes provide a rich source of cytokines such as interleukin (IL)-6, IL-1b, and tumor necrosis factor a (Choi and Koh, 2008; Ridet et al, 1997; Rizzi et al, 2003; Viviani et al, 2003) , which promote neuronal excitability by modulating extracellular glutamate levels Vezzani et al, 2008b) . IL-1b was reported to be responsible for increasing N-methyl-D-aspartate receptor-mediated Ca 2 + influx and surface expression of AMPA receptor by binding to the AMPA receptor IL-1RI, which colocalizes with N-methyl-D-aspartate receptors (Viviani et al, 2003) . Inhibition of IL-1 production by selective IL-1-converting enzyme inhibitors has been shown to delay seizure onset and reduce the number and duration of seizures . Recently, another inflammatory mediator, leukocyte, has attracted attention as a key player in seizure pathogenesis via interactions with activated intracellular adhesion molecules in blood vessels. Using a mouse seizure model induced by pilocarpine, Fabene et al (2008) showed that elevated expression of vascular cell adhesion molecules enhanced leukocyte rolling and arrest in blood vessels. Leukocytes extravasated into the brain tissue, causing local inflammation, which in turn caused breakdown of the BBB. The BBB leakage has been well recognized to elicit neuronal hyperactivity owing to the excessive influx of potassium into the brain tissue (Seiffert et al, 2004; van Vliet et al, 2007) , and inhibition of BBB breakdown caused by leukocyte-endothelial interaction could sufficiently prevent seizure activities (Fabene et al, 2008) .
Although the effect of NNZ-2566 on BBB permeability was not investigated in this study, several previous studies have suggested that NNZ-2566 protects against hypoxic/ischemic and traumatic brain injury through attenuation of brain injuryrelated cerebral inflammation, i.e. reduced activated microglia cells (Guan et al, 2004; Lu et al, 2009 ), decreasing the up-regulation of pro-inflammation genes IL-1b, tumor necrosis factor a, and IL-6 (Wei et al, 2008) and preventing leukocyte infiltration (Lu et al, 2009 ), all of which are likely to be associated with preventing epileptogenesis. Therefore, it is possible that the anti-seizure activity of NNZ-2566 observed in this study was at least in part attributed to its anti-inflammation mechanisms.
An advantage of using NNZ-2566 to treat brain injury-induced NCSs is that it has been shown to be safe and neuroprotective. Many AEDs cause side effects such as hypotension, cardiac depression, and sedation, which may worsen the prognosis of some critically ill patients (Litt et al, 1998) . Therefore, the benefits of using these AEDs must be weighed against the detrimental effects on the patient's condition, particularly when used prophylactically. Furthermore, not all established AEDs are neuroprotective and only a few, such as phenytoin, phenobarbital, and carbamazepine, have shown neuroprotective activities in animal models of hypoxia/ischemia (Willmore, 2005) . Glycyl-Lmethylprolyl-L-glutamic acid has been proven safe in Phase I clinical trials and shown to be devoid of the adverse side effects associated with many AEDs. As mentioned earlier, it has also been shown to have neuroprotective effects in experimental models of ischemic (Bickerdike et al, 2009 ) and traumatic (Lu et al, 2009 ) brain injuries. In the present study, the high doses of NNZ-2566 not only significantly attenuated brain ischemiainduced NCS, but also significantly reduced the infarct volume. Severe infarction caused by pMCAo, which approximates 30% of the hemisphere volume, often fails to respond to neuroprotective agents. Therefore, NNZ-2566 possesses a unique therapeutic potential for use as a safe prophylactic agent that synergistically provides neuroprotection and reduces injury-induced seizures. Although NNZ-2566 attenuated NCS activity even when administered after the start of NCS, the failure of this paradigm to provide neuroprotection shows the greater therapeutic benefit with prophylactic administration.
In summary, in this study we confirmed previous observations of the prevalence of NCSs after ischemic brain injury in a rat model of pMCAo. Their acute onset ( < 30 mins), early manifestation (within 4 h after injury), and positive correlation with the subsequent development of brain infarction warrant an emergent treatment of NCSs to prevent or ameliorate the augmentation of the brain damage enhanced by these silent seizure events. Although previous studies using clinical AEDs have shown positive results to attenuate pMCAo-induced NCS, the effects of some AEDs were confounded by their sedative actions (Williams et al, 2004) . In this study we showed that NNZ-2566, a neuroprotective agent, successfully lessened the NCS severity at doses that were safe and neuroprotective. It was effective even when given after the NCS occurred. The possible mechanism of the antiseizure effects of NNZ-2566 is likely to be attributed in part to its anti-inflammatory action, providing evidence of successful seizure control with a nontraditional AED.
